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ABSTRACT 21 
Classic sequence stratigraphy suggests depositional sequences can form due to changes in 22 
accommodation and due to changes in sediment supply. Accommodation-dominated sequences 23 
are problematic to define rigorously, but are commonly interpreted from outcrop and subsurface 24 
data. In contrast, supply-dominated sequences are much less commonly identified. We employ 25 
numerical stratigraphic forward modelling to compare stratal geometries forced by cyclic changes 26 
in relative sea level with stratal geometries forced by sediment discharge and water discharge 27 
changes. Our quantitative results suggest that both relative sea-level oscillations and variations in 28 
sediment/water discharge ratio are able to form sequence-bounding unconformities independently, 29 
confirming previous qualitative sequences definitions. In some of the experiments, the two types 30 
of sequence share several characteristics, such as an absence of coastal-plain topset deposits and 31 
stratal offlap, something typically interpreted as the result of falling relative sea level. However, 32 
the stratal geometries differ when variations in amplitude and frequency of relative sea-level 33 
change, sediment/water discharge ratio, transport diffusion coefficient, and initial bathymetry are 34 
applied. We propose that the supply-dominated sequences could be recognized in outcrop or in the 35 
subsurface if the observations of stratal offlap and the absence of coastal-plain topset can be made 36 
without any strong evidence of relative sea level fall (e.g., descending shoreline trajectory). These 37 
quantitative results suggest that both supply-dominated and accommodation-dominated sequences 38 
are likely to occur in the ancient record, as a consequence of multiple, possibly complex, controls. 39 
INTRODUCTION 40 
Definitions have evolved since the first introduction of sequence stratigraphic nomenclature by 41 
Sloss (1949) (Table 1). We summarized two key characteristics from the definitions in Table 1, 42 
the surface bounding sequences (i.e., unconformities) and the cyclic controls on the sequence 43 
development, which are present repetitively in these definitions. Initial definitions emphasized that 44 
a sequence is bounded top and base by unconformities that represent significant time gaps (Table 45 
1; Fig. 1). More recent definitions emphasized controls, such as relative sea level and sediment 46 
supply, on cyclic sequence development (Table 1). Posamentier and Vail (1988) and Catuneanu 47 
(2006) highlighted changes in relative sea level as the main controlling factor, and more recently 48 
Catuneanu et al. (2009) defined a sequence as ‘a succession of strata deposited during a full cycle 49 
of change in accommodation or sediment supply’. Despite both relative sea level and sediment 50 
supply being included in the definitions, fewer studies invoke time-variable sediment supply as 51 
the dominant driver of sequence development (Porebski and Steel, 2003). For example, subaerial 52 
erosion surfaces, forming sequence-bounding unconformities, have been interpreted almost 53 
exclusively as products of relative sea-level fall, due to fluvial incision of subaerially exposed 54 
topset strata (e.g., Posamentier et al., 1988). The roles of sediment supply have largely been 55 
ignored, even though several modelling studies have documented the significant impact of time-56 
variable sediment supply on fluvial morphodynamics and continental stratigraphy (e.g., Sun et al., 57 
2002; Van Saparoea and Postma, 2008; Powell et al., 2012; Simpson and Castelltort, 2012). Recent 58 
field and experimental studies also suggest that a complex interaction of sediment supply and 59 
accommodation is the most realistic explanation for most sequence development, for several 60 
reasons. Firstly, it has been demonstrated that erosion surfaces below fluvial valleys are resulted 61 
from repeated erosion and deposition throughout relative sea-level cycle (Blum and Price, 1998; 62 
Holbrook et al., 2006; Strong and Paola, 2008; Holbrook and Bhattacharya, 2012; Li and 63 
Bhattacharya, 2013). Secondly, when the ratio between sediment discharge and water discharge is 64 
high or the marine shelf gradient is low, topset aggradation can occur without unconformity 65 
formation during relative sea-level fall (Swenson and Muto, 2007; Prince and Burgess, 2013; 66 
Nijhuis et al., 2015). Rivers do not simply incise costal deposits during relative sea-level fall. 67 
Instead, they tend to undergo autogenic cycles of deltaic lobe deposition, incision, and 68 
abandonment (Muto and Steel, 2004, Swenson and Muto, 2007, Petter and Muto, 2008). Thirdly, 69 
sequence boundaries can also form due to variable sediment erosion and transport rates, without 70 
relative sea-level fall (Burgess and Prince, 2015). This complexity of process and control, and the 71 
relative simplicity of many existing models, suggests that our understanding of sequence 72 
geometries and what controls them requires further investigation (Heller et al., 1993; Hampson, 73 
2016; Burgess and Steel, 2017; Zhang et al., 2017). We approach these problems by studying the 74 
forward modelled sequences generated by full cycles of change in relative sea level or sediment 75 
supply. The three-dimensional numerical stratigraphic forward modelling is employed to study the 76 
influences of external controls (relative sea level, sediment discharge, and water discharge), as it 77 
is difficult to extract the signal of each forcing from sedimentary record. We aim to use the 78 
modelling results to 1) understand the consequences of supply and accommodation control of strata; 79 
2) compare and contrast the sedimentological and stratigraphic characteristics of accommodation-80 
dominated cycles and supply-dominated cycles to understand their similarities and differences. 81 
  82 
METHODOLOGY 83 
We employ DionisosFlow, a three-dimensional numerical stratigraphic forward model, to simulate 84 
shoreline migrations over the shelf in response to supply and relative sea-level change. The model 85 
assumes sediment transport by diffusion, with a relatively low-rate slope-only component, and a 86 
higher-rate water-discharge and slope-driven component (Granjeon, 1997; Granjeon and Joseph, 87 
1999; Granjeon, 2014). For each time step, DionisosFlow calculates relative sea-level change 88 
(eustasy and subsidence), sediment supply (sediment discharge and water discharge), erosion, 89 
sediment transport, and sediment deposition. Modelling this combination of processes allows 90 
experimental simulation of stratal geometries developed on basin scale over geological time scale.  91 
We designed two sets of model experiments (i.e., accommodation-dominated and supply-92 
dominated), each spanning 2 million years, with 0.1 million-year time steps, both representing the 93 
same modeled basin configuration (Figs. 2; 3). All input parameters of two sets of model 94 
experiments (e.g. shelf width, shelf gradient, water discharge, sediment discharge, subsidence rate, 95 
and eustatic sea-level change) are selected within the natural range of equivalent parameters 96 
observed in modern environment or interpreted from ancient strata (Fig. 4; Table 2). The model 97 
setup and input parameters are introduced below and summarized in Table 2.  98 
 99 
Basin geometry and subsidence 100 
The modeled basin is 200 km wide and 250 km long, with a single sediment input point on the 101 
basin axis (Fig. 2). The initial shoreline is 50 km from the sediment input point. The initial shelf 102 
gradient is ~0.06° leading to 200 m water depth at the shelf edge (Fig. 2). Values of both shelf 103 
width and shelf gradient are in the range of modern shelves (Fig. 4A). The subsidence profile has 104 
a hinge line with a maximum subsidence rate of 10 m/My at the shelf edge (Fig. 2), which is 105 
relatively low within the natural range of subsidence rates (Fig. 4C). The subsidence at the initial 106 
shoreline is 2 m for 1 My cycle duration (Fig. 2), much smaller than the eustatic sea-level change. 107 
Therefore, the relative sea-level change is mainly contributed by the eustatic sea-level change in 108 
the designed models. 109 
 110 
Accommodation and sediment supply  111 
The two model sets have different relative sea level and sediment supply scenarios, one dominated 112 
by variations in eustasy causing relative sea-level oscillations, and the other dominated by changes 113 
in sediment-supply sediment/water discharge ratio (Fig. 3). Note that in terms of sediment/water 114 
discharge ratio, an increase in water discharge is equivalent to a decrease in sediment discharge, 115 
and vice-versa, so supply variation may occur due to changes in either. Here we keep same 116 
sediment discharge but only change water discharge for the convenience of comparison between 117 
all model results. Each model set has two full 1 My cycles of sediment supply or eustatic sea-level 118 
change (Fig. 3). Two model sets includes 420 individual models runs in total, with parameters 119 
values varying to cover a range of eustatic sea-level oscillation amplitudes and sediment/water 120 
discharge ratios (Fig. 2). The eustatic sea-level change results from water-volume changes in the 121 
ocean. The frequency and amplitude of their changes are controlled by various geological 122 
mechanisms including growth and decay of continental ice sheets, desiccation and inundation of 123 
marginal seas, and variations in sea-floor spreading rates (Miller et al., 2005). The sediment and 124 
water discharge are also controlled by multiple tectonic and climatic parameters (Syvitski and 125 
Milliman, 2007), which change at different time scales (thousands to millions of years) (Blum and 126 
Hattier-Womack, 2009).   127 
The accommodation-dominated model set has changing eustatic sea level, constant 128 
sediment discharge, and constant water discharge over the 2 My model duration. Amplitude of 129 
eustatic sea-level change ranges from 5-100 m (Fig. 3), similar to rates commonly interpreted in 130 
the eustatic sea-level models (Miller et al., 2005; Fig. 4D). Sediment discharge in all model runs 131 
is 500 km3/My. The water discharge of each model run ranges from 50-1000 m3/s, so the resulting 132 
sediment/water discharge ratio range is consistent with data from modern rivers which span three 133 
orders of magnitude (Fig. 4B).   134 
Note that issues with a meaningful definition of accommodation in real, non-model strata 135 
and depositional systems, were raised by Muto and Steel (2000). They redefined the term 136 
‘accommodation’ as ‘the thickness, measured at a specified site and time, of a space which 137 
becomes filled with sediments during a specified time interval’ but pointed out that this will be 138 
very difficult to apply interpreting ancient strata, where information on volumes and time are likely 139 
incomplete. We are able to use this definition here in our numerical modelling study because we 140 
have the requisite complete information about volume of supply and the thickness that it can fill 141 
through time. The practical use of the term accommodation in when considering real strata remains 142 
debatable. 143 
For the supply-dominated model set, eustatic sea level is constant at 0 m through each 144 
model run (Fig. 3).  The sediment/water discharge ratio is varied by changing water discharge. 145 
Sediment discharge is held at 500 km3/My, for the convenience to compare two types of model 146 
sets. Amplitude of water discharge cycles ranges from 10-1000 m3/s between each model (Fig. 147 
4B). The average water discharge in wet cycles is a few times bigger than that in dry cycles. For 148 
example, if a 1.67*104 km2 catchment transits from arid (0-100 mm/yr runoff) to semi-arid (100-149 
250 mm/yr runoff) (Milliman and Farnsworth, 2013; Eide et al., 2018), its water discharge ranges 150 
from 0-500 m3/s to 500-1250 m3/s.   151 
  152 
Sediment transport diffusion coefficient  153 
Determining realistic diffusion coefficients from ancient or even modern sediment transport 154 
system remains difficult. Continental and marine diffusion coefficients used here (Table 2) are 155 
within the range of values in other applications of diffusion based modelling (Kenyon and Turcotte, 156 
1985; Gvirtzman et al., 2014; Csato et al., 2014; Harris et al., 2016).  Perhaps more importantly, 157 
the modeled results suggest the selected diffusion coefficients are reasonable because resulting 158 
stratal geometries form over a realistic time span, and topset gradient of modeled deltaic clinoform 159 
ranges from 0.003-0.06°, close to both present-day and ancient examples (Patruno et al., 2015). 160 
 161 
RESULTS 162 
Model Set 1: accommodation-dominated sequences  163 
To explore the possible range of accommodation-dominated sequences geometries, we present two 164 
end-members of accommodation-dominated cycles below (Figs. 5-8). Model 1.1 is characterized 165 
by high amplitude of eustatic sea-level change (80 m), and a relatively low sediment/water 166 
discharge ratio (sediment discharge=500 km3/My; water discharge=500 m3/s) (Fig. 5). Model 1.2 167 
is forced by eustatic sea-level oscillations with an amplitude of 20 m, and a high sediment/water 168 
discharge ratio (sediment discharge=500 km3/My; water discharge=100 m3/s) (Fig. 5). For the 169 
convenience of discussion, the 2-million-year elapsed model time is divided into eight units (Units 170 
1-8) evenly (Fig. 7). Each cycle is composed of four units. 171 
The relatively high amplitude of eustatic sea-level change (80 m) and a relatively low 172 
sediment/water discharge ratio (sediment discharge=500 km3/My; water discharge=500 m3/s) in 173 
Model 1.1 force shoreline regression and transgression over a long distance (>150 km) (Fig. 8A). 174 
Fluvial erosion occurs throughout relative sea-level falls (Fig. 6A) and leads to significant bypass 175 
of coarse sediment and a basinward shift (Fig. 7A). The fluvial erosion occurs at the basin axis 176 
initially (0.5 My in Fig. 6A) then bifurcates into two channels (0.75 My in Fig. 6A). Significant 177 
fluvial erosion juxtaposes younger fluvial strata atop older marine strata, with an abrupt facies 178 
transition across a subaerial hiatus surface (Figs. 8A). The initial highstand strata (Units 1 and 5) 179 
within the fluvial valley are totally eroded (Figs. 7A). Detached marine strata formed during falling 180 
relative sea level (Units 2, 3, 6, and 7) lack topset deposits and show clear offlapping geometry, 181 
with a descending shoreline trajectory (Fig. 7A). Offlap includes both toplap and erosional 182 
truncation, which is mainly caused by the removal of previously deposited sediment (Christie-183 
Blick, 1991; Plint and Nummedal, 2000). The shoreline backsteps and backfills the valleys during 184 
subsequent relative sea-level rise (Fig. 6A). The transgressive strata are mostly within the valley, 185 
underlain by younger highstand strata (Figs. 6A, and 7A). 186 
Model 1.2 is forced by relatively low amplitude of eustatic sea-level change (20m) and a 187 
relatively high sediment/water discharge ratio (sediment discharge=500 km3/My; water 188 
discharge=100 m3/s) (Fig. 5). The shoreline in Model 1.2 shows much less migration distance, 189 
compared to that in Model 1.1 (Fig. 8B). Regression distance decreases from 45 km in the first 190 
cycle to 25 km in the second cycle because of widening topset (Fig. 8B). Subaerial erosion occurs 191 
only within the area <50 km from coeval shoreline (Figs. 6 and 8B). No subaerial hiatus is directly 192 
atop marine strata (Fig. 8B). Contrary to Model 1.1, during falling relative sea level (Units 2, 3, 6, 193 
and 7), topset strata are preserved and mostly detached from coeval foreset deposits with 194 
descending shoreline trajectory and offlapping stratal geometry (Fig. 7B). The transgression 195 
distance is only 10 km (Fig. 8B). The transgressive deposits sometimes onlap on the previous 196 
deposits (Fig. 7B). The stratigraphic geometry are similar along depositional strike (Fig. 7B).  197 
 198 
Model Set 2: supply-dominated sequences 199 
Supply-dominated cycles with variable amplitude of water discharge change force stratal 200 
geometries that share several elements with accommodation-dominated sequences. To explore 201 
supply-dominated sequence formation, we ran Model 2.1 with 500 m3/s amplitude of water 202 
discharge change and Model 2.2 with 100 m3/s amplitude of water discharge change (Figs. 5 and 203 
8).  204 
The shoreline in Model 2.1 is purely progradational (Fig. 8C). Its progradation rate 205 
increases with increasing water discharge because higher water discharge would bring higher 206 
diffusion of the sediment, enhancing the distal sedimentation. The shoreline trajectory is almost 207 
flat due to the constant eustatic sea level and minor subsidence. Onset of erosion is synchronous 208 
with increasing water discharge (Fig. 6). The topset strata at the basin axis are destroyed with 209 
increasing water discharge, creating an offlapping deltaic clinoform geometry (Figs. 7Ca and 7Cb). 210 
Parts of the topset strata away from the river mouth are preserved (e.g., Units 2 and 6 in Figs 7Cc 211 
and 7Cd). Shoreline prograde slower and sometimes aggradate with decreasing water discharge 212 
(Fig. 8C). Topset deposition during decreasing water discharge is aggradational and sometimes 213 
onlaps to the previous strata (Fig. 7C). When water discharge is at the lowest (within the range), 214 
parts of the shelf are sediment starved (Fig. 8C).  215 
The stratal geometry in Model 2.2 is very similar to that in Model 2.1. The shoreline is 216 
purely progradational. It progrades 70 km from the initial shoreline, slightly less than the shoreline 217 
progradation in Model 2.1. Topset deposition at the basin axis is restricted to periods of increasing 218 
water discharge (Figs. 7Da and 7Db). Deltaic clinoforms show an offlapping geometry (e.g., Unit 219 
3). Those further away from the river mouth are completely preserved (Figs. 7Dc and 7Dd). Similar 220 
to Model 2.1, erosion occurs as water discharge increases. However, the chronostratigraphic 221 
diagram shows that both spatial (along depositional-dip) and temporal (vertical) extent of the 222 
hiatus is far less than that in Model 2.1 (Fig. 8D). It is mostly restricted in the proximal area. With 223 
decreasing water discharge, tospet strata completely drape previous deposits (Fig. 7D). 224 
 225 
DISCUSSION 226 
How do sediment supply ratio cycles generate sequences?  227 
Sequence definitions (Table 1) have emphasized (1) presence of an unconformity, which 228 
represents significant amount of missing time (Sloss et al., 1949; Sloss, 1963; Mitchum, 1977; 229 
Posamentier and Vail, 1988; Catuneanu et al., 2017) and (2) a full cycle of sediment supply or 230 
accommodation change (Posamentier and Vail, 1988; Catuneanu, 2006; Catuneanu et al., 2009). 231 
In the present study, both model sets include full cycles of unsteady forcing by either sediment 232 
supply or relative sea-level oscillations. To quantify missing time on the unconformity surfaces, 233 
we calculate stratigraphic completeness from chronostratigraphic diagrams using the proportion 234 
of the 2-My elapsed model time that is non-depositional or erosional in three dimensions. Higher 235 
hiatus proportion (lower stratigraphic completeness) indicates (1) a longer hiatus between 236 
overlying and underlying strata, and possibly (2) a higher volume of erosion and sediment bypass 237 
(Wheeler, 1958). To explore how development of sequence-bounding unconformities varies with 238 
different allogenic controls, we run 400 accommodation-dominated models where water discharge 239 
varies from 50-1000 m3/s and the amplitude of eustatic sea-level change varies from 5-100 m, and 240 
20 supplied-dominated models where water discharge ranges from 50-1000 m3/s. To ensure other 241 
model parameters such as time step and grid size are not the major controls on the hiatus proportion, 242 
we compare the hiatus proportion of different model configurations for Model 1.1. When the grid 243 
size is 10, 5, 2.5, and 1 km, the hiatus proportion is 20.4%, 21.1%, 21.7%, and 21.9% respectively. 244 
When the time step is 0.05, 0.01, and 0.005 My, the hiatus proportion is 20.4%, 22.7%, and 23.1% 245 
respectively. These results confirm that these model grid and time step parameters do not influence 246 
the hiatus proportion significantly. However, it should be noted that other boundary conditions 247 
such as basin geometry and shelf setting, which may also influence the hiatus proportion, are not 248 
tested in the current study.  249 
The hiatus proportion from each model is calculated and plotted in Fig. 9. In general, the 250 
three-dimensional hiatus proportion in accommodation-dominated cycles is positively correlated 251 
to amplitude of eustatic sea-level change and magnitude of water discharge (Fig. 9A). The hiatus 252 
proportion reaches 24% when amplitude of relative sea-level change and water discharge are 253 
highest. However, with low water discharge and low amplitude of eustatic sea-level change, the 254 
hiatus proportion is as low as 2%. In the supply-dominated cycles, the hiatus proportion is also 255 
positively correlated to water discharge ranging from 6%-23% (Fig. 9B). These model results 256 
suggest that both accommodation-dominated and supply-dominated sequences are likely to be 257 
bounded by significant unconformities.  258 
Relative sea-level fall forces the shoreline basinward and downward, which modifies 259 
sediment transport distribution, triggering subaerial erosion that forms an unconformity (Fig. 10). 260 
Similarly, variation in sediment/water discharge ratio also triggers topset erosion. Higher water 261 
discharge decreases topset gradient, truncating underlying strata, forming an unconformity surface. 262 
Hiatus proportion metrics demonstrate that unconformities of both accommodation-dominated and 263 
supply-dominated cycles represent significant missing time. Therefore, accommodation-264 
dominated Model Set 1 and supply-dominated Model Set 2, both with full but different cycles of 265 
allogenic change, have unconformities that show, on a large scale at least, a key characteristic of 266 
traditionally-defined sequences. Note, however, that even in this simple numerical forward model 267 
depiction of strata in three-dimensions rather than the more typical two-dimensional depictions 268 
used in many sequence stratigraphic conceptual models, suggesting that many of those conceptual 269 
models are perhaps over-simplistic representations of a more complex reality (see discussion in 270 
Burgess, 2016). 271 
 272 
Implications of comparison between accommodation-dominated and supply-dominated 273 
sequences  274 
The most obvious and most significant difference between accommodation-dominated sequences 275 
and supply-dominated sequences is the shoreline trajectory (Table 3) (Helland-Hansen and 276 
Martinsen, 1996; Helland-Hansen and Hampson, 2009). A descending shoreline trajectory 277 
indicates falling relative sea level while an ascending trajectory presents rising relative sea level 278 
(Fig. 7). However, it should be noted that the low-angle shoreline trajectory, which is common in 279 
non-glacier environments, is difficult to measure with confidence especially if differential 280 
compaction occurs (e.g., Prince and Burgess, 2013). The presence of maximum flooding surface 281 
and transgressive marine deposits overlying the terrestrial deposits are also good indicators of 282 
relative sea-level rise (Fig. 7).  283 
However, some other sedimentological and stratigraphic characteristics, long considered 284 
as indicators of relative sea-level fall, are not helpful to distinguish accommodation-dominated 285 
sequences and supply-dominated sequences (Table 3). Firstly, some characteristics such as 286 
absence of topset strata and deltaic clinoform offlap can occur in both types of sequences (Table 287 
3). More importantly, they are not always present in the accommodation-dominated sequences. 288 
For example, topset aggradation within the period of falling sea level is also observed in Model 289 
1.2. Similar observations have been made in various mathematical modelling and flume 290 
experiments (Swenson and Muto, 2007; Petter and Muto, 2008; Prince and Burgess, 2013) and 291 
also from study of Holocene strata (Nijhuis et al., 2015; Dietrich et al., 2017). The time and length 292 
scale of the topset aggradation during falling relative sea level is affected by rate of relative sea-293 
level change, sediment discharge, water discharge, and shelf gradient (Swenson and Muto, 2007). 294 
Topset geometry may also vary along depositional-strike, decided by its distance to the river mouth 295 
(Fig. 7). Secondly, some characteristics such as shallower clinoforms from proximal to distal zones, 296 
foreshortened stratigraphic succession, separation between successive shoreface deposits, long-297 
distance regression, and grainsize increase from proximal to distal zones depends on the conditions 298 
of sediment supply, relative sea-level change, shelf settings, and sediment transport rates. They are 299 
not always present in the accommodation-dominated sequences (Table 3). For example, decreasing 300 
proximal-to-distal deltaic clinoform height and decreasing foreset thickness, which were 301 
considered as important stratal architecture of forced regression (Posamentier and Morris, 2000), 302 
are determined not only by amplitude of relative sea-level fall but also by the bathymetric profile 303 
onto which the clinoforms prograde. Bathymetry with a 0.06° gradient across 50-km shelf gives a 304 
water depth increase of 52 m. If relative sea-level fall is less than 52 m, deltaic clinoform foreset 305 
height will not decrease but will be maintained and will increase as it progrades to the shelf edge. 306 
Similarly, detached shoreface strata (Fig. 6Ad), present in Model 1.1, can only be used to detect 307 
high amplitude relative sea-level change. Shoreline migration distance is also decided by several 308 
factors, including amplitude of relative sea-level change, sediment discharge, water discharge, and 309 
sediment transport rates. The rapid relative sea-level rise in Model 1.1 re-establishes deltaic 310 
deposition (Unit 5) at the former highstand shoreline, separated from previous shelf-edge deltas 311 
by backstepped shoreface deposits (Unit 3). However, long distance shoreline regression would 312 
not occur in this case without sufficient sediment supply and sediment transport rates. Low 313 
amplitude of relative sea-level change and high sediment/water discharge ratio in Model 1.2 lead 314 
to low magnitudes of erosion and low volumes of sediment bypass. Consequently Model 1.2 lacks 315 
the basinward grain size increase and the separation between successive terrestrial deposits seen 316 
in Model 1.1. 317 
In summary, shoreline trajectories as well as the presence of transgressive deposits and 318 
associated maximum flooding surfaces are likely to be the best properties to differentiate the 319 
accommodation-dominated and supply-dominated sequences (Table 3). Other sedimentological 320 
and stratigraphic characteristics are likely to be non-unique, shared by both types of sequences or 321 
decided by multiple parameters.  322 
Calculation or estimation of sediment/water discharge ratio in both accommodation-323 
dominated and supply-dominated sequences is probably necessary in future sequence stratigraphic 324 
studies; the magnitude of both sediment discharge and water discharge from supplied rivers is a 325 
key control on strata, and just as important as the amplitude of relative sea-level oscillations. This 326 
significance of sediment supply variations is increasingly recognized (Chen et al., 2018), and 327 
various techniques now exist to estimate both sediment discharge (e.g., Allen et al., 2013; 328 
Holbrook and Wanas, 2014; Zhang et al., 2018) and water discharge (e.g., Eide et al, 2017) for the 329 
ancient systems. Another implication of this work is that maximum flooding surfaces are likely 330 
more useful for stratigraphic correlation compared to valley base surfaces (i.e., sequence boundary) 331 
(Galloway et al., 1989). As demonstrated in Model Set 2, the variations in sediment/water 332 
discharge ratio, which could be climatically controlled and occur at high-frequency time scale 333 
(Holbrook et al., 2006; Blum and Womack, 2009), is able to create an erosional surface at the base 334 
of fluvial strata and complicate the correlation. The interaction between the sediment/water 335 
discharge variation, amplitude and frequency of relative sea-level change, sediment transport rate, 336 
and initial bathymetry make it difficult to define the exact controls on sequence development in 337 
most cases. Therefore, we suggest sequence definition should contain only the basic observational 338 
elements, emphasizing the traditional concept of unconformity bounded packages, and not 339 
including interpreted forcing mechanisms.  340 
 341 
CONCLUSIONS 342 
1. Numerical stratigraphic forward modelling experiments demonstrate both differences and 343 
similarities in the characteristic stratal geometries forced by variations in accommodation, 344 
versus strata forced by sediment/water discharge ratio change. Both types of forcing can 345 
create sequences, packages of genetically-related strata bounded by unconformities, and 346 
their correlative conformable strata. With constant sediment discharge, both a relative sea-347 
level fall and a water discharge increase can drive fluvial incision of topset strata, and so 348 
create subaerial unconformities. Unconformity duration in the accommodation-dominated 349 
sequences ranges from 2% to 24% of elapsed model time. Relatively slow relative sea-350 
level fall with high sediment/water discharge ratio tends to create less extensive subaerial 351 
erosion (<5% of elapsed model time). In supply-dominated strata, 6%-23% of elapsed 352 
model time is recorded on erosion surfaces across the range of water discharge modeled. 353 
2. If sediment/water discharge ratio, amplitude and frequency of the relative sea-level change, 354 
sediment transport rate, and initial bathymetry can all vary, it remains challenging to 355 
differentiate accommodation-dominated sequences and supply-dominated sequences. 356 
Traditionally defined diagnostic characteristics of forced regressive system tract (Table 3) 357 
do not work well to distinguish the accommodation-dominated sequences because most of 358 
these characteristics are controlled by multiple parameters (e.g., long regression distance) 359 
and some of them occur in both accommodation-dominated and supply-dominated 360 
sequences (e.g., absence of coastal plain topset; stratal offlap). Among these characteristics, 361 
the shoreline trajectory is the most reliable way to recognize the accommodation-362 
dominated and supply-dominated sequences, even though it may be difficult to accurately 363 
determine in outcrop or subsurface strata, for example due to differential compaction 364 
effects (Price and Burgess, 2013; Kominz and Pekar, 2001). Therefore, only a combination 365 
of factors should be considered diagnostic of an accommodation-dominated sequence, for 366 
example, a descending and then ascending shoreline trajectory, combined with 367 
transgressive deposits and associated maximum flooding surface, is a more convincing 368 
indicator of accommodation-dominated sequences. The observation of stratal offlap and 369 
absence of coastal plain topset without any strong evidence on the relative sea-level change 370 
is a reasonable indicator of a supply-dominated sequence. 371 
3. These results emphasize the importance of sediment discharge and water discharge on 372 
sequence development. Magnitude of sediment discharge and water discharge in ancient 373 
depositional systems can often be estimated from catchment or trunk channel parameters 374 
(e.g., Holbrook and Wanas, 2014; Eide et al., 2017; Zhang et al., 2018). However, future 375 
work could improve both precision and accuracy of these estimates and improve 376 
understanding of how they vary at shorter time scales (<1 My).  377 
4.  Future work should also focus on understanding the probability of occurrence of 378 
accommodation-dominated and supply-dominated sequences (e.g., Heller et al., 1993; 379 
Burgess and Steel, 2017), particularly under different tectonic, climatic, and eustatic 380 
conditions, and taking into account possible interactions between autogenic processes and 381 
allogenic controls (Muto et al., 2016; Hajek and Straub, 2017). Perhaps many existing 382 
interpretations of accommodation-dominated sequences need to be revisited, assessed, and 383 
possibly revised.  384 
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 552 
CAPTION 553 
Figure 1. (A) and (B) Depositional-dip cross-section and chronostratigraphic diagram illustrating the early 554 
view on space-time relationship of the subaerial unconformity (after Catuneanu et al., 1998) 555 
Figure 2. Initial bathymetry in map view (top) and cross-section (below). Map view shows the position of 556 
the sediment supply entry point at the proximal side of the grid and the location of Fig. 7. Spatial 557 
distribution of subsidence is indicated on the cross section. V.E. =Vertical exaggeration.  558 
Figure 3. Inputs parameters of two model sets. Accommodation-dominated model sets with variable 559 
eustasy and constant sediment discharge and water discharge. Supply-dominated model sets have constant 560 
eustasy, constant sediment discharge, and variable water discharge. Qs=Sediment discharge; Qw=Water 561 
discharge. 562 
Figure 4. The range of inputs (shelf width, shelf gradient, sediment discharge, water discharge, 563 
subsidence, and eustatic sea-level change) shown in the red lines and blocks and their comparison with 564 
rates from natural systems. Modern shelf width and related shelf gradient database are summarized from 565 
Cornel and Steel (2009) and Somme et al., (2009). Sediment discharge and water discharge of modern 566 
rivers are summarized from Milliman and Syvitski (1992).  The subsidence and eustatic sea-level change 567 
data are modified after Burgess and Steel (2017).   568 
Figure 5. Inputs parameters of Models 1.1, 1.2, 2.1, and 2.2. Qs: sediment discharge; Qw: water discharge. 569 
Figure 6. Sedimentation rates from accommodation-dominated models 1.1 and 1.2 as well as supply-570 
dominated models 2.1 and 2.2 at 0.25, 0.5, 0.75, and 1 My elapsed model time. Yellow, red, and white 571 
represent depositional, erosional, and non-depositional/bypassed, respectively.  572 
Figure 7. 2-D stratigraphic cross-section of Models 1.1 (A), 1.2 (B), 2.1 (C), and 2.2 (D) at basin axis (a 573 
and b) and basin margin (c and d).  The cross-sections are colour coded by time (a and c) or facies (b and 574 
d). The 2-million-year simulated interval is divided into 8 units from 1-8. Sl: shoreline.  575 
Figure 8. Chronostratigraphic diagrams with facies attribute of Models 1.1, 1.2, 2.1, and 2.2. Pie charts 576 
show the proportion of different facies in 3-Dimension.  577 
Figure 9. Hiatus proportion in accommodation-dominated sequences (A) and supply-dominated 578 
sequences (B). The colour bar indicates the value of hiatus proportion. The hiatus proportion of Models 579 
1.1, 1.2, 2.1 and 2.2 are present in black blocks. The water discharge varies from 50-1000 m3/s and the 580 
amplitude of eustatic sea-level change varies from 5-100 m in accommodation-dominated model set. The 581 
water discharge ranges from 50-1000 m3/s in supply-dominated model set. M: Model; n: Model runs.   582 
 Figure 10. Sequence development of accommodation-dominated and supply-dominated cycles. Note that 583 
both relative sea-level change and variation in sediment/water discharge ratio are able to create sequence-584 
bounding unconformities. RSL: relative sea level. 585 
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Figure 8. Chronostratigraphic diagrams with facies attribute of Models 1.1, 1.2, 2.1, and 2.2. Pie charts 643 
show the proportion of different facies in 3-Dimension.  644 
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 647 
Figure 9. Hiatus proportion in accommodation-dominated sequences (A) and supply-dominated 648 
sequences (B). The colour bar indicates the value of hiatus proportion. The hiatus proportion of Models 649 
1.1, 1.2, 2.1 and 2.2 are present in black blocks. The water discharge varies from 50-1000 m3/s and the 650 
amplitude of eustatic sea-level change varies from 5-100 m in accommodation-dominated model set. The 651 
water discharge ranges from 50-1000 m3/s in supply-dominated model set. M: Model; n: Model runs.   652 
 653 
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Figure 10. Sequence development of accommodation-dominated and supply-dominated cycles. Note that 655 
both relative sea-level change and variation in Qs/Qw ratio are able to create sequence-bounding 656 
unconformities. RSL: relative sea level. 657 
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 671 
Sloss et al, 1949 The strata which are included between objective, recognizable horizons, and are 
without specific time significance since their limits do not coincide with time 
lines and may include rocks of different ages in various area 
Sloss, 1963 Rock-stratigraphic units of higher rank than group, megagroup, or supergroup, 
traceable over major areas of a continent and bounded by unconformities of 
interregional scope 
Mitchum, 1977 A relatively conformable succession of genetically related strata bounded at its 
top and base by unconformities or their correlative conformities 
Posamentier and 
Vail, 1988 
Composed of genetically related sediments bounded by unconformities or their 
correlative conformities and are related to cycles of eustatic change 
Catuneanu, 2006 The ‘sequence’ is the fundamental stratal unit of sequence stratigraphy, and it 
corresponds to the depositional product of a full cycle of base-level changes or 
shoreline shifts depending on the sequence model that is being employed 
Catuneanu et al., 
2009 
A succession of strata deposited during a full cycle of change in 
accommodation or sediment supply 
Catuneanu et al., 
2017 
A cycle of change in stratal stacking patterns defined by the recurrence of 
sequence stratigraphic surfaces in the rock record 
Table 1. Definitions of sequence. 672 
 673 
 674 
 675 
 676 
 677 
 678 
 679 
 680 
 681 
 682 
 683 
Parameter Value 
Domain length (x axis) (km) 250 
Domain length (y axis) (km) 200 
Grid spacing (km) 5 
Run period (Ma) 2-0 
Time Steps (My) 0.1  
Sediment discharge (km3/My) 500; see Fig. 3 
Water discharge (m3/s) Up to 1000; see Fig. 3 
Amplitude and period of eustatic sea-level change 
(m/yr) 
10-100m/1Ma; see Fig. 3 
Gradient of initial shelf (degrees) ~0.06 
Gravity-driven terrestrial diffusion for mud 
(km2/kyr) 
0.05 
Gravity-driven terrestrial diffusion for sand 
(km2/kyr) 
0.1 
Gravity-driven marine diffusion for mud (km2/kyr) 0.005 
Gravity-driven marine diffusion for sand (km2/kyr) 0.05 
Water-driven terrestrial diffusion for mud (km2/kyr) 50 
Water-driven terrestrial diffusion for sand (km2/kyr) 100 
Water-driven marine diffusion for mud (km2/kyr) 0.01 
Water-driven marine diffusion for sand (km2/kyr) 0.1 
Maximum erosion rate of sediment (m/My) 100 
Table 2. Input parameters in each model 684 
 685 
 686 
 
 
 
Criterion 
Accommodation-
dominated sequence 
Supply-dominated 
sequence 
High 
amplitude 
of relative 
sea-level 
change; 
Low Qs/Qw 
ratio 
Low 
amplitude 
of relative 
sea-level 
change; 
High Qs/Qw 
ratio 
High 
amplitude 
of water-
discharge 
change 
Low 
amplitude 
of water-
discharge 
change 
Shoreline trajectory Descending Descending Almost 
flat  
Almost 
flat  
Stratal offlap Yes Yes Yes Yes 
Absence of coastal plain topset Yes No Yes Partially 
Shallower clinoforms from 
proximal to distal zones; 
Foreshortened stratigraphic 
successions 
Possible, also decided by 
shelf profile 
No No 
Separation between successive 
shoreface deposits 
Yes No No No 
Long-distance regression Possible, also decided by sediment discharge, water 
discharge, and transport diffusion coefficient 
Grainsize increase from 
proximal to distal zones 
Yes No Yes Yes 
 687 
Table 3. Characteristics of sediments formed during falling relative sea level (after Fielding, 2015) or 688 
increasing water discharge  689 
 690 
 691 
 692 
